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This research has initiated the development of a 
technique to determine Conditional Stability Constants 
for uranium and various organic fractions. Although many 
new procedures have been formulated several more need 
to be perfected.
Established procedures used in this research are 
collecting, storing and fractionating of peat samples, 
and calculating Conditional Stability Constants for 
the systems studies. New procedures undertaken were 
developing a resin system to interact with uranium, 
evolving an experimental procedure for determination of 
Conditional Stability Constants for the uranium-organic 
system, perfecting the fission track technique for analyses 





Complications encountered while determining conditional 
stability constants are:
I. Predominance of both cation and anion uranium 
species.
II. Flocculating of organic material.
III. Adsorbing of organic material onto resin.
IV. Finding suitable detectors for fission track 
analyses.
V. Correlating of stability constants determined
for mixed bed resin system to cation-only system.
When the complications listed above have been resolved, 
the attempt to determine conditional stability constants for 
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INTRODUCTION
The association of certain organic fractions with 
metals has been observed since the beginning of the century. 
In 1938 Laatsch observed tannic substances in the transpor­
tation of iron and aluminum (Kononova, 1961). The asso­
ciation of uranium with organic material has been demon­
strated in the Uravan Mineral Belt and the Grants prefault 
ore, where entire logs in paleostream channels have been 
replaced with coffinite. Although the uranium-organic 
association has been documented from a variety of environ­
ments (peat enrichment, lignites of North Dakota, black 
shale and sandstone deposits) the mechanism of concentration 
of the uranium is poorly understood. The association of 
uranium with organic matter does not appear to be a chance 
spatial relationship. The coexistence may occur from the 
time of mobilization of the uranium from its original 
"source" rock (Schalscha, Appelt and Schatz, 1967; Baker, 
1973) until it is concentrated in a reducing organic-rich 
environment.
A generalized model which incorporates the various 
factors encountered in the natural environment would be an 
aid in understanding the genesis of a uranium deposit.
1
T-1898 2
This model would include optimum pH values for the formation 
of soluble and insoluble uranium-organic complexes as well 
as organic-material-to-metal ratios determined in these 
complexes.
The purpose of this study is to quantify the uranium- 
organic association in the early stages of uranium 
mobilization. This quantification could later be used 
to develop a model that would explain the role of naturally 
occurring organic material in the concentration of uranium.
The organic material used in this study was extracted 
from Alpine-type peat deposits collected in Colorado. 
Although Alpine-type peat deposits are not geologically 
favorable environments for uranium deposition, they supply 
a large quantity of readily available organic material.
This organic material is characteristic of the organics 
that are produced during soil formation. According to 
Levinson (1974) ,!Bog and peat materials are analogous to 
Aq horizon material," and of the six major soil types he 
lists, only the Desert Soils have such poorly developed 
soil profiles that they are classed as having sparse organic 
material or none at all.
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PREVIOUS WORK
This section will discuss the historic development of 
research in the areas of organic material, organic-metal 
associations, uranium chemistry and development of condi­
tional stability constants. Familiarity with this previous 
work is necessary to fully understand the complexity of the 
system in this study.
Organic Material in Soils
The naturally occurring organic material of soils is 
formed from decomposing plant and animal remains and from 
biological and chemical synthesis of the breakdown products. 
Organic material is often subdivided into humic and nonhumic 
substances.
Nonhumic substances are well characterized, specific 
chemical compounds such as carbohydrates, proteins and other 
simple organic species. These compounds are readily degraded 
by microbial activitiy and have a rather short life span in 
the soil.
The major organic constituent of most soils is the humic 
fraction. According to Schnitzer and Khan (1972) these are 
"amorphous, brown or black, hydrophilic, acidic, poly- 
disperse substances of molecular weights ranging from several 
hundreds to tens of thousands. Important characteristics
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exhibited by all humic fractions are resistance to microbial
degradation, and ability to form stable water-soluble
and water-insoluble salts and complexes with metal ions
and hydrous oxides and to interact with clay minerals and
organic compounds."
Observed humic accumulations (Swanson and Palacas, 1965)
in near surface soil layers from marsh deposits, in bay and
bayou beach sands, in mouths of streams that are golden-brown 
incolored,*ground-water seeps, and organic sediments in bodies 
of brackish and saline waters are common. The humics are 
leached from decaying land plant materials. Surface or 
subsurface water then transports the soluble and/or collodial 
material to various environments where flocculation or 
precipitation of the humic substances occurs.
Organic Material - Nomenclature
There are many schemes of nomenclature for naturally 
occurring organic material. This variety of schemes is 
despite the need of geologists, biologists, soil scientists 
and chemists to be able to communicate various aspects of 
their investigations. Each group has a different approach 
to organic material and a different view of its importance.
To the geologist organic material is merely ground cover.
To the biologist organic material is life forms and
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ecological systems. To the chemist organic material is 
chemical and molecular components. The entire frame of 
reference of the soil scientist lies within the realm of 
organics. It is not surprising that anyone reading the 
literature today might be confused by the various terms.
The following scheme of nomenclature will be adopted in this 
study (Refer to Figure 1):
organic material (OM): material derived from decomposing
plants, either disseminated (eg. through a sandstone) 
or accumulated (as in peat bogs)
soluble organic material (SOM): that portion of OM
soluble in NaOH solution, ie. alkali extract, humic 
material, humus
kerogen: that portion of OM insoluble in NaOH solution
Le. organic residue, humins
humic acid solid (HAS): that portion of SOM precipitated
by acidification to pH 2, commonly referred to as 
humic acid (HA)
hymatomelanic acid: that portion of HAS solubilized by
humic acid residue (HAR): that portion of HAS remaining
after hymatomelanic acid is solubilized
fulvic acid solution (FAS): the portion of SOM that
remains in solution after acidification to pH 2, 
commonly referred to as fulvic acid (FA)
yS-humus: precipitate that forms in FAS when pH adjusted
ethanol
to 4.8
polysaccharides: precipitates that form when acetone
is added to FAS
fulvic acid residue (FAR): solution remaining after









adjust to pH 2 
with HC1  1
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Figure 1: Nomenclature and relationship of organic fractions
used in this study. (After Ong, 1968)
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One of the principal sources of organic material (OM) 
occurs as the result of soil formation. The accumulation 
and bacteriological decomposition of plant debris transforms 
various components of the biological environment into 
potentially important components of the geologic realm. The 
term organometallic is not used in this study, as it commonly 
refers to compounds with carbon to metal bonds.
Molecular form of FAS-HAS
As shown in Table 1 (Schnitzer and Khan, 1972) the 
elemental composition of HA and FA is predominately carbon, 
oxygen, hydrogen, and nitrogen, with some sulfur. The FA's 
contain less carbon and more oxygen than the HA’s and humins.
The similarity of the visible absorption of SOM, regard­
less of the SOM origin, indicates a similar, but highly 
heterogeneous complex core structure. Equal concentrations 
of HA's and FA's will give a more intense color in the FA 
relative to the HA (Schnitzer and Khan, 1972).
Even though the UV spectra of SOM are featureless, the 
characteristic shape of the spectra of SOM from various 
origins again indicates similar form of the organic complex. 
Chromophores (linkages or groups that confer color) found in 
SOM are C=C and C=0; auxochromes (groups that enhance 
chromophore color) found are predominately COH and CNH2.
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Table 1
Chemical Composition (7o) of Humic Substances from 
Soils and Other Sources 
(Schnitzer and Khan, 1972)




53.8 5.8 3.2 0.4 36.8
56.7 5.2 2.3 0.4 35.4
56.4 5.8 1.6 0.6 35.6
60.4 3.7 1.9 0.4 33.6
60.2 4.3 3.6 -a 31.9
53.7 5.8






Biologically synthesized HA's 




47.6 4.1 0.9 0.1 47.3
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From ultimate and functional group analyses, between 
68 and 917o of the oxygen in humus and humins are accounted 
for in carboxyl, phenolic hydroxide, alcoholic hydroxide, 
carbonyl and methoxyl groups (Table 2). Greater than
Table 2
Distribution of Oxygen in Humic Substances 
(Schnitzer and Khan, 1972)
Total ------------   7. of Oxygen ----------    Oxygen
Oxygen Carboxyl Phenolic Alcoholic Carbonyl Methoxyl Accounted 
7, OH OH For
Soil HA's
32.9 43.8 10.2 13.6 21.4 1.5 90.5
36.8 26.1 24.9 15.2 7.8 _a 74.0
35.4 13.6 38.0 12.7 4.1 _a 68.4
35.6 42.2 24.7 0.9 23.4 _a 91.2
33.6 44.8 17.1 _a 14.8 1.4 78.1
Coal HA
28.7 49.1 16.2 .a _a 9.4 74.4
Soil FA's
47.3 57.5 19.3 11.5 5.8 _a 94.1
44.8 65.0 11.8 12.9 11.1 1.7 102.5
47/7 61.0 9.1 16.4 3.7 1.0 91.2
Soil humins (kerogen)
33.8 36.0 9.9 _a 22.7 1.9 70.5
31.8 26.1 12.1 a 28.7 1.5 68.4
aNot determined
fnuTHTTR HAKES 
r o f f io S C H O O L  of MINES
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90% of this oxygen is thus accounted for as functional groups
in the FA (Schnitzer and Khan, 1972). The oxygen in humic 
substances is predominatly in the carboxyl groups (-C00H) 
and to lesser extent in phenolic hydroxyl (ph-OH) and carbonyl 
(RC=0).
Soluble Organic Material (SOM) is composed of between 17o 
and 6% nitrogen (Schnitzer and Khan, 1972). After acid 
hydrolysis of SOM 20-557, of SOM nitrogen is amino acid 
nitrogen (Table 3) and 1-10% is amino sugar nitrogen. Small 
quantities of purine and pyrimidine bases (guanine, adenine, 
cytosine, thymine and uracil) have been identified in the acid 
hydrolyzates . Amino sugar nitrogen is the form of glucosamine 
and galactosamine.
Table 3
Nitrogen Distribution in HA, FA, and a 
Humin Fraction
(Khan and Sowden, 1971)
N distribution after acid hydrolysis, 
7o of total N in material
Type of N Amino acid Amino sugar Ammonia N accounted





















A large percentage of SOM nitrogen is not released 
by acid hydrolyses. This nitrogen is either chemically 
bonded to or firmly adsorbed on the humic materials (Schnit­
zer and Khan, 1972).
Solubilizing Properties of Organic Material
Baker (1973) extracted soluble organic materials from a 
podzol soil. He then allowed a 0.1% weight/volume aqueous 
solution of the soluble organic material to react with mineral 
grains for 24 hours. Many of the metal humates formed had low 
solubility in water, but their solubility increased in the 
presence of the" SOM solution. Schalsch, Appelt and Schatz 
(1967) used salicylic acid, which occurs naturally in 
small amounts, to dissolve iron from minerals. The resultant 
complex had a distinctly red color and a high stability 
constant. Soluble decomposition products of aerobically 
incubated lucerne soilvere utilized by Bloomfield and Kelso 
(1973) in their study of mobilization of metals. They found 
that vanadium and uranium were extensively solubilized by 
larger molecular weight constitutents of lucerne decomposition 
products.
The relative stability of metal-organic complexes has 
an effect on the competition of metals for the various 
complexing sites on the organic structure. Because the
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functional complexing groups of the SOM are so numerous 
it is conceivable that SOM is a better complexer than 
reducer of metal ions (Baker, 1973). Yet Bloomfield and 
Kelso (1973) suggest that fixation of Mo, V and U by or­
ganic matter follows the reduction of these metal cations.
Oxygenated water was necessary for solubilizing 
uranium in the laboratory experiments of Szalay and Samsoni 
(1969). Anions present in water also affected dissoulution 
of uranium. Distilled water that was free of air, oxygen, 
and carbon dioxide dissolved only small amounts of uranium. 
Aerated water and water containing 2% NaHC03 were much 
better solvents. An increase in carbonate content 
above this value did not seem to increase the solvent 
activity of the solution.
Metal - Organic Relationships
There are two major sources for the organic material 
that occurs in the ground water. The first source is the 
regions of soil formation from which soluble organic material 
is leached and transported via the ground water system. 
Schnitzer (1969) found that SOM occurs in all soils and 
accounts for 25-75% of the total organic matter. Other 
accumulating and decomposing plant debris would also serve
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL of MINES 
POLDEN, COLORADO £0401
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as surface or near-surface sources of organic material. The 
second major source is from accumulated plant debris that has 
been buried and is decomposing at depth. This second source 
of organic material can be found disseminated throughout a 
sedimentary body. The disseminated pieces can be as small 
as grain coatings or as large as entire trees.
The complexing of Cu^+ , Fe^+ , and Al^+ by SOM was 
characterized in part by Schnitzer and Skinner (1963). From 
various analytical procedures a molecular weight of SOM 
was determined (Schnitzer and Desjardin, 1962). Ferric iron, 
Al^+ and Cu^+ formed water soluble 1:1 molar complexes with 
soluble organic material (SOM) at pH3, and 2:1 water-soluble 
complexes at pH 5. The formation of a water-insoluble 6:1 
complex was also suggested.
Khan (1969) found that addition of low concentrations 
of metallic compounds (2 ml of 0.01 M metal ion) to an 
organic solution would produce metal-organic complexes.
Metal hydroxide formation was not observed. As the concen­
tration of metallic cations was increased a portion was 
complexed and the excess was precipitated at the usual pH of 
hydroxide precipitation of the metal cation. when the organic- 
metal solution was titrated with dilute base. However, iron 
and aluminum cations did not precipitate as humates when 
added at the low concentrations. As the titration proceeded,
T-1898
the precipitate of aluminum- and iron-humate complexes, 
began to dissolve as the pH rose above 7 through formation 
of hydroxy complexes. In a strongly alkaline medium the 
complexes formed the aluminate anion and ferric hydroxide 
respectively.
Up to 60 weight percent of the FAS studied by Schnitzer 
(1969) was composed of functional groups such as carboxyls, 
hydroxyls and carbonyls attached to a predominantely aromatic
skeleton. Schnitzer and Skinner (1963) selectively blocked 
various functional groups. From their results they decided 
that there are two types of reactions that account for 
practically all of the metal retention by the organic mat­
erial (OM). The major reaction (I) involves simultaneously 
both the carboxyl and phenolic hydroxyl groups. In the minor 
reaction (II) only the carboxyls participate.
The type I carboxyl is ortho to a phenolic-OH group, 
while the Type II carboxyl is ortho to another carboxyl 






In the U-Og-HgO system there are two stable solids, 
uraninite (U02) and schoepite (U02(QH)2H20) (Figure k). The 
soluble or mobile forms occur in acid and distinctly alka-
and HUOj£. Pure or nearly pure water such as found in the 
U-Og-HgO system can therefore be seen as a poor transporting 
medium for uranium under earth surface conditions.
Ground water, though, is seldom if ever pure. Water 
in contact with various minerals dissolves and carries 
carbonate and bicarbonate ions relatively readily. Dissolved 
002 content in natural waters commonly is 100-300 ppm. The 
addition of C02 to the U-P2-H20 system decreases the solid 
field and introduces new soluble carbonate species.
The solid phases in the U-02-H20-C02 system are uraninite 
and schoepite plus rutherfordine (UOgCO^).
The soluble species are the uranyl complexes dicarbo-
2—natouranylate (UO^CO^^^HgO ) and tricarbonatouranylate 
(UOgfCO^)^- anions. These are commonly referred to in 
geochemical literature as uranyl dicarbonate (UDC) and 
uranyl tricarbonate (UTC) respectively (Figure 5).
Subsurface waters that carry significant C02 and 
uranium (VI) and other metals may also contain significant 
sulfate, chloride, sodium, calcium, and magnesium. Sulfate
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pHFigure 2. Aqueous equilibrium diagram of the U-O^-HgO 
system at 25°C and 1 atm. Fields of solid phases 
and dissolved species are plotted as a function of 
hydrogen-ion concentration and oxidation potential. 
Boundaries of solid phases at total activity of uranium- 











and chloride anions do not produce any insoluble phases but 
will complex with uranium below pH 3.5 to form U02(S0^)^“ 
and UOgCSO^)^* (Hostetler and Garrels, 1962). The uranyl 
and uranous chloro complexes behave similarly to the sulfate 
analogues. Due to their low pH of formation, below pH 3.5» 
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Figure 3. Aqueous equilibrium diagram of the U-Og-HgO-COg
system at 25°C and 1 atm,, and with constant at
-8 ^ . . 210 atm. Boundaries of solid phases are drawn for total
(Hostetler & Garrels, 1962),ionic activity of 10*




A Conditional Stability Constant (CSC) may be defined 
as K = (>\0/7\)-l /(ORG)x
where: >i0=distribution constant of metal between solution 
and resin when organic material (HAS or FAS) is 
absent
=distribution constant in presence of organics
(ORG)concentration of organic material, Soluble Organic 
Material, Humic Acid Solid or Fulvic Acid Solution, 
in moles/liter
x=number moles organics/one mole metal complexed.
A Conditional Stability Constant is a measure of the equili­
brium constant for the reaction of interest, under conditions 
where side reactions are maintained at a constant level.
Stability constants have been used by several workers to 
quantify the association between organic material and various 
metal ions. Coleman et. al. (1956) determined formation 
constants for copper-peat complexes. Himes and Barber (1957), 
Randhowa and Broadbent (1965), and Miller and Ohlrogge (1958) 
determined constants for the chelating ability of organic 
material (SOM) with various metals. Irving and Williams (1955) 
postulated that within the divalent metal series Mn, Fe, Co,
Ni, Cu, and Zn,as the ionic radius decreases and the ionization
oC rr»c.'taL.l cJneAoAes
potential increases, the stability'increases, reaching a 
maximum with copper. This has come to be known as the Irving- 
Williams series. The results of Schnitzer and Skinner indicated
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that some FA divalent metal complexes do not follow the Irving- 
Williams series, which would predict Cu^+/)Zn̂ "!>Fe 3+, but 
instead are of the order Cu^+)Fe^+)Zn^+ . Further work done 
by them in 1967 on additional divalent metal ions at pH 3.5 
and 5.0 also demonstrated deviation from the Irving-Williams 
series.
Malcolm et. al. (1970) demonstrated the Conditional 
Stability Constant (CSC) of Fe^+ -FA complexes show little 
dependence on pH. The Fe3+-FA molar ratio also shows 
negligible change across the pH range. Increasing the pH of 
the solution should increase the negative charge of the FA 
by deprotonating the functional groups. The overall effect 
is an increase in the negative sites available to complex 
the metal ions. More moles of metal will be complexed 
per mole FA and a^ower FA-metal ratio will result. An 
opposing effect is found among metal ions that form hydroxo 
complexes at higher pH values. If the metal ion forms 
hydroxo complexes in the alkaline pH range, the number 
of moles of metal complexed per mole of FA would decrease, 
thus increasing the FA-metal molar ratio. These two opposing 
tendencies can give rise to increasing, constant, or decreasing 
molar ratios depending on the ability of the metal ion to 
form hydroxo complexes.
KRTHUH CAKES EIBHAHY 
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The Conditional Stability Constant is based on 
concentration of species rather than activities as is a 
thermodynamic stability constant. A CSC is dependent on the 
ionic strength of the medium and includes no corrections 
for competing reactions in which the species of interest may 
be involved. Although a CSC is not as precise as a thermo­
dynamic stability constant, it is very useful.
The CSC calculated in this research is defined for a 
complex of the type MKex , where M = metal, Ke = ligand, 
and x= number of moles Ke (an integer greater than or equal 
to one). Results by Schnitzer and Skinner (1966 & 1967)»
Miller and Ohlrogge (1958), and Randhowa and Broadbent (1965)» 
show the value for x (FA-metal molar ratio) has varied from 
0.53 to 2.00.
One method commonly used to determine CSC is the ion 
exchange equilibrium method developed by Schubert (19^3). 
Schnitzer and Hansen (1970) checked values obtained from the 
ion exchange method by determining CSC for the same complexes 
by the method of continuous variation (Rossotti and Rossotti, 
1961). Discrepancies that occurred between results from the 
two methods were traced to the extreme sensitivity of the 
ion exchange method to slight variations. Once precautions 
were taken to maintain precision, the CSC calculated by the 
two methods were in agreement, and it was determined that mono­
nuclear complexes do exist between FA and 10 divalent metals.
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THEORETICAL ASPECTS
This section will discuss the theoretical background 
of various aspects of this research.
Metal-Organic Bond
A simple, isolated ion exists only in the gaseous 
phase. When considering a metal ion in aqueous solution, 
the reactions it participates in are complexation reactions 
where one or several of the solvent molecules are 
replaced by other groups.
M(H20)n * M(H20)n-lL + H2° (1)
The ligand (L) is the electron donor group bound to the 
central ion and can be either an uncharged molecule or a 
charged ion. This relationship can be shown more simply 
in the following schematic form for a metal complex 
forming four coordinate bondst
L
IM + — -  L - M - L  (2)
IL
If the ligand combining with the metal has two or 
more donor groups, so that one or more rings are formed, 
the structure is then termed a chelate (Greek derivation 




' 1 'M + 2L-L— - L - M — L (3)
1/
Polynuclear complexes contain two or more central ions.
Electrostatic attraction is not an adequate explana­
tion of the stability of the complex. Chelate complexes, 
where the ligand is attached to the metal through more 
than one bond, have exceptionally high stabilities.
The Lewis acid-base concept of electron donor-acceptor 
can be applied to complex reactions between metal ions 
and ligands. A complexation reaction could then be 
considered a neutralization reaction. The ligand acts 
as a base since it is an electron pair donor. The metal 
ion is an electron pair acceptor and functions as an acid. 
It is important to note that carbon (the major element in 
organic material) does not usually participate in these 
complexes. Carbon is not a Lewis base and therefore has 
no electrons to donate.
Nearly all metals form complexes and chelates. Al-̂  
though there is a large number of chelating agents, the 
donor atoms are limited to the strongly non-metallic 
elements of Groups V and VI. Within these groups only 
nitrogen, oxygen, and sulfur are commonly found in chelates 
as electron donor atoms.
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Ion Exchange - Conditional Stability Constant
Schubert (19^8) first used the ion exchange technique 
to measure stability constants for reactions between 
strontium metal ions and citrates and tartrates. This
COrk+cvcrf u»t|rV\
technique incorporates an ion exchange resin inAthe solution 
containing the metal and the chelating organic material.
The ion exchange method is dependent on the fact that at 
equilibrium the amount of ion held by a given amount of 
ion exchange resin is proportional to the concentration 
of free metal ions in solution.
The equilibrium reaction for mononuclear chelate or 
complex formation can be written
The relationship for the metal ion in the presence 
of the ion exchange resin is shown in Martell and Calvin
wherei = a constant (for exchange in absence ofO aViaI n + 4 \chelating agent)
MR = moles of metal bound by a unit weight of 
cation exchanger
(M) = concentration of all forms of the metal
ion in solution except that found complexed
M + n L ^  MLn .







a * percent of the total metal used which is 
0 bound to exchanger
100-a = percent of total metal used which remains 
in solution
V =* volume of solution 
g = weight of cation exchanger.
Without making any suppositions concerning mechanisms 
of reaction or bond types, a stability constant can be 
determined by measuring the concentration of metal in solu­
tion at two concentrations of chelating agent. The temp­
erature, pH, volume of solution, ionic strength, and weight 
of resin must all remain constant. The concentration of 
metal ion in solution should be negligible compared to 
that of the complexing agent. It is also necessary that 
the resin not bind the complexing agent. When working with 
fulvic and humic acids there is a problem with adsorption 
of the organics onto the resin at certain pH values and 
this effect has to be taken into consideration when data 
are evaluated.
The distribution constant is measured in the absence 
of the chelating agent (?\Q) and in the presence of the 
chelating agent CM. Since measurements are made under 
fixed conditions, the equilibrium relation between free 
metal ion and the resin is maintained even in the presence 
of the complexing agent. When the chelating agent is 
absent
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(M) = MR/S Q . (7)
Because >v expresses the relationship between total metal 
species in solution, (M) + (MLn ), and on the resin
(M) + ( m n ) = MR/Tn . (8)
Combining the above two equations and approximating (M) by Eq.
7 yields (ML ) = MR - MR . (9)
“ A  * 0
The equilibrium constant can then be rewritten in the form 
K = ^ 2  - l I / ( L ) n (10)
or log/>y0 - l\ = log K + nlog(L). (11)
r  I
Thus log K and n may be obtained directly from the inter­
cept and slope of a plot of log )-lJ versus log(L)
(log(L) is equal to the concentration of all forms of the 
ligand in solution).
Following the development by Ringbom (1963)» when 
complexation reactions are involved in the ion exchange 
equilibrium the term "conditional constant" is most fitting. 
Complexation and chelation reactions may cause tremendous 
changes in concentration of reacting species. Activity 
coefficients are often difficult to determine due to 
high charge of ions. Because the evaluation of concen­
tration change is often within orders of magnitude, the
jffiTHUR HAKES L IB R ^Y  
COLORADO SCHOOL of MINES 
GOLDEN, COLORADO SG4u l
T-1898 26
effect of the activity coefficient is usually negligible.
To include the effects of all side reactions and 
interfering factors in the mass action equation defining 
the system would be very difficult. The Conditional 
Stability Constant (referred to as CSC) therefore quantifies 
the reaction of interest at the exclusion of these effects. 
However, the analyst must be aware of the variables that 
affect the CSC and make all attempts to maintain them at 
constant values for the calculation of ^ and?\, A 
major use of CSC's has been comparison of binding of 
different metal ions to fulvic or humic acids, which 
under identical and controlled conditions can give meaning­
ful data.
Fission Track Method of Analysis for Uranium
The fission track method utilizes the ability of 
uranium-235 to be fissioned by interaction with slow 
neutrons. After neutron capture the uranium nucleus can 
fission to two fragments of unequal size, one in the range 
of atomic weight 90 and one in the range of 1*M), These fis­
sion fragments will emit beta and gamma radiation until 
they reach a stable nuclear configuration (Figure 6). These 
fission products can be detected by virtue of the energy 
they release on a suitable detector leaving a track. The 
number of these fission tracks are proportional to the amount 
of uranium present.
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The most commonly accepted model.of track formation 
is the ion explosion spike model. Electrostatic repulsion 









Figure^,. A uranium-235 nucleus after capturing.a neutron 
(left) splits into two smaller nuclei with the 
emission of gamma rays and two or three neutrons,
causes these ions to leave their lattice positions within 
the detector and fill interstitial positions and vacancies 
along the particle path. If the time between electrostatic 
repulsion and subsequent production of lattice defects is 
insufficient for excess charge to be dissipated and if 
forces are sufficient to produce one atomic displacement 
per atom place, tracks (holes in the detector) are formed.
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For a track to be etchable it must be nearly continuous 
on an atomic scale. This consideration is not taken into 
account by models postulating production of displaced ions 
nor by thermal-spike phenomena models.
The free energy associated with the disordered structure 
of a track (trail of radiation damage) is greater than 
that associated with the surrounding structure. The tracks 
are therefore more chemically reactive than the surrounding 
material. If the material containing the tracks is immersed 
in an appropriate etchant, the tracks will be preferentially 
etched.
Tracks are initially on the order of 50X in diameter 
and thus are visible only under a scanning electron micro­
scope. Etching of the tracks allows them to be visible 
under an optical microscope. The tracks act as strong 
scattering centers for visible light and appear dark in 
a normal bright field. The shape of the etched track is 
characteristic of the type of detector material used.
Tracks have been observed in several types of material 
including inorganic crystals, glasses, and plastics. Nearly 
all insulating solids register tracks. Solids with the 
most advantageous physical characteristics can be chosen to 
fit the type of experiment under consideration. Not 
only must the detector material be able to register tracks, 
but the surface quality must be such that there is not an
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excess of scratches., imperfections and pits. These would 
etch out with the tracks, producing an unclean surface 
on which it could be difficult to distinguish and count 
the fission tracks.
Statistical Analysis of Experimental Data
In order to clarify the following analysis, the appro­
priate statistical model will be discussed. In order for 
a Poisson probability model to be employed in the analysis 
of a process, three criteria must be satisfied. These 
criteria are described by Guenther (1965) as follows 1
(a) Events which occur in one time interval (or region 
of space) are independent of those occurring in any 
other nonoverlapping time interval (or region of 
space).
(b) The probability that an event occurs is proportion­
al to the length of the time interval (volume or 
area of space).
(c) The probability that two or more events occur in a 
very small time interval (or region of space) is 
so small that it can be neglected.
In this analysis, each occurrence of a track is an 
event and each field is a region of space.
Criteria (a) and (b) are satisfied because there is no 
preferred direction of concentration of emitted particles, 
because the fields lie on a spherical shell containing the 
decaying nuclei and approximately concentric with their 
center of mass, and because the rate of emission is essen­
tially constant over the time during which the experiment 
is conducted. Criterion (c) is satisfied because the
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expected number of tracks in a "mini-field" of infinites- 
simal area would be essentially zero.
Definitions used arei
Populationt The set of possible numbers of tracks per 
field in a given sample,
nt number of observed fields in the sample under 
consideration,
x^t number of tracks observed in field i (i=l,2,..,n), 
— nx= x^ i sample mean,
“nPI
ui population mean,
2 —  2 s = l^l^xi"x  ̂ 1 sample variance,
n-1
2O' t population variance,
S = Y 7 ,  sample standard deviation,
<r - t ? ,  population standard deviation,
<T—= ̂  /in i standard deviation of the mean,
s—= s/fn i sample standard deviation of the mean,
_ 2The statistics x, s 9 s, and s— (calculated from the 
observed data for each sample) are best unbiased estimates 
of the unknown parameters^, <S , &, and (f— (characteristics 
of the respective population from which the sample data 
were obtained), respectively.
2 —For a Poisson process, 6 in which case x is not
2only an estimate of jU9 but also of (T . Therefore, compar- 
2 —ing s with x should reflect the validity of assuming the
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Poisson model (criteria (a), (b), and (c) above).
p OFor any random process, O'- = (5 /n (Hogg and Craig, 
1971), Therefore, comparing s— with x/fn reflects the 
applicability of the Poisson model in terms of numbers 
which estimate the parameter of interest, (f— ,
If s~ and x/fn do not "agree", they might give someA
insight into physical reasons for the apparent discrepancy. 
In any case, however, s- is probably at least as reliable 
an estimate of as is x/fn.
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DEVELOPMENT OF EXPERIMENTAL TECHNIQUE
This section deals with the preliminary experimental 
work and the tentative conclusions that shaped the evolu­
tion of this research. It also discusses experimental 
technique and conclusions in the chronological order of their 
development. It is felt that this method of presentation 
(experiment, conclusion, experiment, etc.) will aid in 
understanding the rationale behind the decisions made in 
attempting to perfect the experimental technique.
Organic Material
Two days were spent in the field collecting large (10 kg) 
samples of peat at depths ranging from surface to approximately 
two meters below the surface. On the first day, samples were 
collected along Snake Creek and Deer Creek approximately 
*K)0 meters below the continental divide above Montezuema in 
Summit County, Colorado. Sample sites extended from below 
the confluence of the two streams to approximately 5 km 
above the confluence along each stream. The second day of 
sampling was spent along Horse Creek about 3 km up from its 
convergence with the Illinois River, southeast of Rand in 
Jackson County, Colorado. These two location were chosen 
because they are known areas of peat accumulation.
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The samples were taken to Building 25 at the Denver 
Federal Center on the day of their collection and were placed 
in a freezer for storage.
A sample of peat was removed from the freezer, thawed 
and 500 g weighed out. Five hundred milliliters of 0.1 N 
sodium hydroxide were added to the peat and the mixture 
was shaken for 2b hours, then centrifuged. The supernatant 
liquid was then acidified to pH 2 with HC1, causing the 
precipitation of the humic acid solid (HAS) and leaving 
the fulvic acid solution (FAS). The precipitate was 
then mixed with ethanol to extract the hymatomelanic acid.
The humic acid residue (HAR) remained as a precipitate. The 
pH 2 fulvic acid solution (FAS) mentioned above was shaken 
with acetone to precipitate the polysaccharides. Adjusting 
the pH of the decanted FAS to pH b.8 caused precipitation of 
the beta-humus. The fulvic acid residue (FAR) remained 
in solution.
The original peat sample was thus fractionated into 
six separate organic portions-insoluble kerogen, HAR, hymato­
melanic acid, FAR, beta-humus, and polysaccharides.
Subsequent experimentation indicated that the hymato­
melanic acid, polysaccharides and beta-humus were present 
in small quantities. Later experiments fractionated the 
organic into only HAS and FAS, commonly called humic fraction
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and fulvic fraction respectively.
Representative samples were dried and analyzed for 
carbon, hydrogen, and nitrogen content on a Perkin-Elmer 
Element Analyzer Model #2*K). Ash content of the solid was 
determined at the same time. The solid content of the organ­
ic solutions was calculated by evaporating pipetted samples 
to dryness and weighing the residue. Dissolved organic 
carbon (D.O.C.) was determined in the organic solution on 
the Beckman Model 915 carbon analyzer with a Model 215A 
infrared detector.
Development of Experiment
Initial experiments with the uranium solutions were 
aimed at determining the quantity of resin necessary to 
cause removal of uranium from solution by interaction with 
the resin. This was. a preliminary step in the proposed 
experiments of determining Conditional Stability Constants 
(CSC) between the organic fractions and uranium following 
the procedure of Schubert (19^8), Schnitzer and Skinner 
(1966), and Malcolm (1972).
Attempts were made to use a Nal crystal single­
channel analyzer to determine the uranium content of 
proposed solutions. However, concentration of uranium 
was too low to cause accumulation of a sufficient number 
of counts in a reasonable length of time. Thus use of this
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analyzer was found to be an inefficient technique for 
this experiment. Continued work with the GM-counter 
and later with an alpha-counter gave results that 
were not reproducible within satisfactory limits. In 
addition both the Nal and GM methods actually measure 
daughters rather than uranium.
In the initial experiments determining quantity of
resin needed stock solutions of 0.1Amg U/ml'were prepared 
from solid uranyl sulfate UC^SOg^HgO. One milliliter of 
solution was dried on an aluminum counting planchette and 
counted as a standard. In the first experiment 0-900 mg
K-saturated cation-exchange resinAwas weighed into -test 
tubes. One milliliter of 1 mg/ml uranium solution and 
1 ml of distilled water were pipetted to each test tube.
The pH was measured to be 5. The results from this run 
indicated that none of the amounts of resin would remove 
more than 85^ of the uranium from solution. In the 
second run the amount of uranium was decreased to 1 ml 
of 0.1 mg/ml uranium solution. Total volume was 2 ml 
and the amount of resin was 800 mg. The pH of the solutions 
was adjusted to 3# 5» 7» and 9 with HC1 or NaOH. The 
resin still did not remove all the uranium from solution. 
Correction for the beta decay of potassium in the resin 
still did not yield acceptable results.
and
( R i o A G ,  SO-XB')
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A series of experiments was then carried out with 0.1 
mg%il uranium solution with 2 ml solution volume at pH 3» 5» 
7, and 9, Various substrates were used to study the effect 
of various surfaces on the concentration of uranium in 
solution. Substrates used were K-cation exchange resin,
(Bio-Rad ACl50'W-%«!)
Na-cation exchange resin, HAR + K-cation resin, HAR + Na-cat- 
ion resin, MgO, silica Boilezees, molecular sieve (5^)# 
illite, kaolinite and bentonite.
Clay minerals (kaolinite, bentonite, illite) removed 
the greatest amount of uranium from solution near pH 7t 
with kaolinite being the most effective. The concentration 
of uranium in solution increased with increased pH when 
molecular sieve was the substrate. No effect of pH on 
uranium removal by the Boileeze was observed. Uranium 
removal with K + HAR and Na + HAR decreased with increasing 
pH, The blank, which contained only uranium and water at 
the various pH values, showed a definite decrease in uranium 
in solution with increasing pH.
To study the effect of the test tube walls on uranium 
concentration in solution and possible adsorption of 
uranium by the glass four sets of experiments were run 
in plastic beakers with 100- mg.and 800- mg quantities of 
K-saturated resin and 500 mg shattered glass. Two ml 
of solution containing 0.1 mg uranium were added to each
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beaker along with two drops of NagCO^ solution to adjust 
the pH to 10 and to insure a concentration of carbonate 
in solution in excess of atmospheric concentration. The pH 
was adjusted to 3» 5» 7# and 9 with HC1.
The results of these experiments did not point to
a definite effect of the glass surface on the uranium
concentration in solution. Th^following experiments were 
continued in Pyrex test tubes for convenience.
The experimental work done up to this point was an 
attempt to parallel preliminary work done by others on .
Conditional Stability Constants. However the other workers
determined CSC for organic matter and metals other than 
uranium. A unique characteristic of uranium is its several 
forms of occurrence at various pH values. In the U-Og-HgO-COg 
system of interest in the natural environment the uranyl 
cation is the dominant species only below pH Above 
pH 5 uranyl dicarbonate (UDC) and uranyl tricarbonate (UTC) 
anions are the dominant species in solution. Their presence 
complicates matters when one attempts to use the ion-exchange 
technique developed by Schubert (19^8) and used by Malcolm 
(1972) and Schnitzer and Skinner (1966).
The next set of experiments was aimed at characterizing 
the anion/cation behavior of the uranium solution. Cation, 
anion and mixed bed (cation + anion)*were used to study
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this behavior. Hydrogen cation resin weighing 0.1 g,
O.lg Cl-anion resin'"and 0.1 g H-cation + 0.1 g Cl-anion 
resins were weighed into test tubes. To each test tube 
with resin 0.2 mg uranium in solution and 2 ml of solution 
with excess carbonate were added. The pH of each set 
was adjusted to 3. 5. 7. and 9 with HC1. Another set was 
run with uranium content equaling 1 mgs The r e s u l t s  still 
did not demonstrate successful removal of most (95$) of 
the uranium from solution which is necessary for the CSC 
determination,; by the above method.
In an attempt to understand the effect of the anion 
portion of the original uranyl salt, uranyl acetate 
(U02(C2H^02)2H20) and uranyl nitrate (U02(N0^)2*6H20), 
were prepared as stock solutions. Experiments identical 
with those above were run with cation, anion, and mixed 
bed resins with uranyl nitrate and uranyl acetate. Excess 
carbonate was not added to this set to observe the degree 
of possible precipitation. The pH was adjusted with 
NaOH and HC1. After 1 ml was removed from each test tube 
for counting 1 ml water and carbonate was added to each 
sample. The pH was readjusted with HC1. After one hour 
1 ml was removed dried and counted.
The data from these two salts did not give definitive 
results as to total removal of uranium by the resins. At 
this point the analytical technique thus far was examined
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and discontinued in favor of the fission-track technique.
It was felt that the fission track technique was a more 
precise method and that possible interference by daughter 
products or potassium would be eleminated. The form of the 
tracks (single scattered or clustered) also gives information 
as to whether the uranium is in solution, forming colloids, 
or beginning to precipitate (Reimer, 1975)•
The effects of a chelating resin (Chelex 100) were 
also studied to determine if this resin would aid in the 
total removal of uranium in solution. Equal exchange 
capacities of the three resins (1. cation-AG50W-X8, sodium 
form, 2. anion-AGl-X8, chloride form, 3. chelating-Chelex 
100) were added to the uranyl nitrate solution until the ~ 
uranium was essentially (95%) removed from solution.
Contamination of the solution by the resins and adsorp­
tion of organic material onto the resin are two factors 
that must be taken into account. Adsorption of FA onto 
the resin mixture appears to be on the order of 10^. Con­
tamination of the solution with dissolved organic carbon 
from the resin was substantial (150 mg/l D.0.C, for ktl 
NaOH:resin) prior to cleaning the resin. Washing the resin 
with 0.1 N NaOH, 0.1 N HC1, 0.1 N NaOH, and distilled 
water greatly reduced D.0.C, of the solution in contact 
with the resin (20 mg/l D.O.C.).
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Experimental Procedure for Stability Constant Determination
Mixed resin (1.0 g) was weighed into a 25 ml volumetric 
flask. Potassium chloride solution was added to give an t
m -CitviA %»\u4
ionic strength of 0.1A. Uranyl carbonate solution (^00 ppm) 
was added along with fulvic acid solution (FAS) at the 
concentration ratios for the given experiment. Distilled 
water was added, bringing the total volume to approximately 
2k ml. The pH was adjusted with HC1 and KOH while the solu­
tion was slowly stirring and while the pH electrode 
was immersed in th^olution. The final volume of 25 ml 
was made up with distilled water which changed the pH less 
than 0.1 units.
In one set of experiments (Method I) the solutions 
were allowed to equilibrate for 2k hours before they were 
added to the resin. The mixture equilibrated an additional 
2k hours before samples were removed for analyses. In 
the second set of experiments (Method II) the pH of the 
solution-resin mixture was adjusted and the mixture was 
allowed to equilibrate for 2k hours.
One milliliter of sample solution was transferred into 
a polyethylene snap-top vial and the fission track detectors 
were immersed in the solution. Detectors used were Eexan, 
polished glass and cellulose acetate butyrate. The top of 
the vial was heat sealed and enclosed in a polyethylene
m-ffilJH EKES LIBRARY 
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bag that was then sealed. The double sealing is a pre­
caution against possible contamination by pressure build-up 
and leakage of the vial. Temperatures in the water bath 
surrounding the reactor are often elevated (30°C) and 
will cause increase in gas pressure.
Samples were irradiated by neutrons in the Lazy 
Susan position of a Triga Mark III water moderated reactor 
Irradiation time and power are dependent on uranium concen­
tration used, with irradiation time varying between 15 min-
1 o putes and 1 hour. A flux of 10 n/cm sec for one hour 
was commonly used. Often several days of "cooling” are 
necessary after irradiation to allow radioactivity to 
diminish to a level that would allow the sample to be 
handled safely. This radioactivity is often due to the 
decay of sodium in the solution.
The etching time and conditions for the detectors were 
dependent on the material used. Etching times vary from 
2 minutes to just under 1 hour per sample. Several detectors 
can be leached simultaneously, reducing total etching time 
per experiment.
In initial experiments tracks were counted on a 
microscope. In Method I and II reported here tracks were 
counted by the automatic image analyzer. After the detectors 
were etched they were epoxied onto a microscope slide.
Five detectors could easily fit onto one slide. The
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microscope slide with detectors was then silver coated 
by the Hummer coating electrode used to prepare samples for 
the scanning electron microscope. Twelve minutes under 
the electrode produced a silver mirrored finish on the slide. 
The silver coating filled up small imperfections in the 
glass surface. The fission tracks could then be discerned 
by the automatic image analyzer. The detectors were counted 
on the U.S.G.S. Quantimet 720 automatic image analyzer and 
the Hewlett-Packard HP-9830A programmable calculator 
under the supervision of Mike Sawyer, U & Th Branch.
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RESULTS AND DISCUSSION
The interpretation of data gives information about 
the behavior of uranium in the presence of fulvic and 
humic acids. The complexity of the U-Og-HgO-COg system 
itself, as well as the complex and unknown aspects of 
naturally occurring organic material, allows only broad 
generalizations about the interaction of fulvic and humic 
acids with uranium.
Experimental Results
Two methods of pH adjustment were used. In the first 
method (I) the pH of the solution containing uranium and 
organic material was adjusted, the solution was then 
allowed to equilibrate for 2k hours, and then the solution 
was added to the resin. A sample of solution was removed 
2k hours later for determination of uranium content. This 
method is shown on lines B-E in the following Figures 8-13.
In the second method (II) uranium, organics, and resin (F & G) 
were combined and the pH of the mixture was then adjusted. 
Addition of resin shifted the pH of the solution of method 
(I) to values below pH 3. Therefore, calculations based 
on final pH values (after irradiation) are within a
(15-3.o')narrow pH rangeA, Initial adjusted pH values are shown 
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irradiated is labeled on the graphs as PH-(2).
Plots of fission track density versus pH indicate 
an anomalous high number of counts on the pH 5 standard 
(Figure 8 and 9). This detector had visible clusters of 
etched areas and under the microscope showed clusters of 
tracks indicative of uranium localization on particulate 
matter which then stuck to the detector. This high track 
density resulted in calculations for uranium concentration 
(Figure 10 and 11) having a false low at pH 5. The count 
of this standard was adjusted down to A*. The standard 
curve (A) is now more in agreement with standard curves 
from previous experiments and results in more uniform 
concentration curves (Figures 12 and 13).
The fission tracks were counted on the automatic 
image analyzer. Appendix I gives values of statistical 
estimates of interest.
Uranium Concentration
The plots of uranium concentration in solution 
versus pH have been constructed on the basis of the standard 
solution having a uranium concentration of 50 ppm. The 
percent uranium on the resin is based on the premise that 
if the uranium is not in solution it is on the exchange 
resin. The percent uranium complexed by organic material 
is calculated by subtracting uranium in solution in absence 
of organics (B,F) from uranium in solution in presence of
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Figure 9. Uranium concentration vs. Initial pH with
adjusted standard. Uranium standard (Line A) 
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organics (C,D,E,G,H). This assumption is held up by the 
resultant large values of K. The difference between these 
two numbers is the quantity of uranium complexed by organic 
material. For example, in Figure 13 at pH 7, the sample 
with FA (G) had 11$ uranium in solution and the standard 
with no organics (F) had 3% uranium in solution. The 
FA holds 8$ uranium in solution (which is equivalent 
to 5 ppm U),
Among the method II samples there seems to be a 
discrepancy in the concentration of uranium in solution 
in the absence of FA and in the presence of dilute FA.
At pH 2.5 the solution with dilute FA has less uranium 
in solution than when no FA is present. This can be 
explained by two events. Adsorption of FA containing its 
complexed uranium onto the resin will lower the uranium 
concentration in solution, The second event is postulated 
by Picard and Felbeck (1976) and Ong and Bisque (1968).
At the lower FA/metal ratios the metal is associated with 
more sites on the FA molecule. The uranyl cation attaches 
itself to the negatively charged groups, reducing intra­
molecular electrostatic repulsion in the polymer chain of 
FA. This reduction in repulsion favors a coiled structure. 
Some of the water of hydration surrounding the molecule 
is expelled by coiling. The FA then changes from a
LIBRARY
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hydrophilic to a hydrophobic colloid. This flocculation 
of the organic material could complex some uranium and 
remove it from solution by containing it within the floccu- 
lant. The final concentration could be less than that of 
the mixture containing no chelating agent.
Organic Flocculation
In an attempt to simulate natural situationsthe FA and 
HA in this experiment were not dialized. Many workers go 
to great pains to separate, dialyze and freeze-dry 
their FA/HA in an attempt to purify them for experimental 
determination. The "impurities" found with various organic 
fractions may have an important effect on uranium removal. 
There is a drawback associated with not dialyzing the 
organic fractions. Although the FA remained soluble when 
KC1 was added to the solution, it began to flocculate when 
the pH was adjusted HC1.
The initial mixture of uranyl carbonate, KC1, and 
FA had a pH near 10. As the HC1 was added to lower the 
pH, flocculation began immediately.
This flocculation does not negate all conclusions 
from this experiment. The initial dissolved organic carbon 
(D.O.C.) content of the solution*. By determining the final 
DOC the. proportion of precipitated FA can be calculated. 
Assuming the FA/uranium complex ratio remains constant in 
the precipitate and in the solution, the total quantity of
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uranium complexed by the total amount of FA present can 
be determined. Uranium concentrations used in calculations 
are based on uranium held by non-flocculated FA. These 
numbers can still be useful as it is the nonflocculated, 
soluble form of FA that would be transporting the uranium 
in natural solutions.
Mixed Resins
Natural uranium systems were simulated by using the 
U-Og-HgO-COg system described by Garrels and Christ (1965)
(Figure 3). As shown in this Eh/pH diagram of uranium,
anci -3 It -oxygen," water, PCQ fixed at 10 atm. (the partial pres­
sure of COgfound in the water in equilibrium with the 
atmosphere) the form of uranium changes from cation to 
anion as pH is increased. This phenomenon creates problems 
when one attempts to determine Conditional Stability 
Constants (CSC) in the classic approach. Previously,
CSC's have been determined only for species which have re­
mained as cations across the pH range studied.
The first change initiated was use of a mixed bed 
(cation/anion/chelate) resin system. It ha£ been suggested 
*-that a single resin be used with the pH range where a single 
uranium species was predominant. Use a cation exchange
-j-j, ^resin in the pH region of U02 and U020H predominance.
2-Use an anion exchange resin for UO^CO^^HgO 
and U02(C0^)^^". It was felt that
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this system would introduce a variable that could not be 
easily measured, i.e. the change in surface area of resin.
As the organic material adsorbs onto the resin, a constant 
weight of mixed bed resin will expose all organic material 
to the same surface area even though different portions 
of the resin are reacting at different pH ranges. The 
variability in reactivity between uranium and resin is 
measured when calculating )\ (the distribution of uranium 
in absence of chelating agent) and is thus compensated 
for in later calculations. The CSC measured here cannot 
be directly compared with cation-only CSC. The mathematical 
derivation of th^fesc utilizes the weight of the cation 
exchange resin. To directly compare the CSC calculated 
here with those determined previously by other workers 
the CSC would have to be derived to incorporate the three 
resins used and a conversion factor would have to be 
determined. Comparison of the FA binding of uranium to 
that of other metals would then be possible.
The Conditional Stability Constants and FA/U molar 
ratios calculated for experiments 1 and 2 (Figure 1^ & 15) 
are listed on the following page. Equation (13) was used 
for their calculation.
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Table k. Calculated Results 
Initial pH (1)
pH log K K FA/tJ
3 3.17 1.48xl03 1.10
5 7.76 5.75x107 2.50
7 2.58 3.80x102 0.88
9 3.87 7.51x103 1.02
t (2)
2.5 8.02 1.05x10s 2.44
3.0 i*. 66 4. 57x10^ 1.30
ARTHUR CAKES CIBKAnxi 
COLORADO SCHOOL of MINES 
QQLDEN, CQLQMDQ B^m 
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CONCLUSIONS AND SUMMARY
The research of a geochemist is aimed at defining 
natural systems and understanding their reactions and 
interactions. Two basic approaches are commonly taken 
to this research. One approach is to take the natural 
system into the lab and purify it until the component 
parts can be thoroughly defined. This approach will 
usually give good reproducibility and small experimental 
error. A basic criticism of this method is the accuracy 
with which the purified components represent the original 
complex natural system. A second approach is to alter the 
natural system as little as possible. Complexities are 
treated by generalizing tendencies rather than by itemizing 
-differences. The second method is often much longer and 
tedious as one must be familiar with the subtle variances 
before generalized tendencies can be identified. Often 
the definition of one variable merely exposes several 
underlying influences.
This research was initially intended to determine 
Conditional Stability Constants between uranium and 
several organic fractions at various pH values. These data 
could then be used to understand uranium mobilization and 
fixation by organic material. Prior to this research,
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stability constants had not been determined for uranium 
and organic material. They had not been determined for 
a metal species that occurs as both cation and anion in 
the pH range studied nor for an anionic metal species.
The fission track technique has not been previously used 
in studying uranium-organic systems and the automatic 
image analyzer technique for counting fission tracks has 
only recently been perfected.
This research has developed and organized many 
diverse techniques and procedures, but more need to be 
perfected before an understanding of uranium-organic geo­
chemistry will be achieved. Several aspects of the floccu­
lation of the fulvic and humic acids need to be elucidated! 
the conditions of flocculation (concentration of various 
species present in the solution, ionic strength, pH, 
organicimetal ratios), mode of occurrence of uranium in 
flocculant (complexed with FA/HA, coprecipitated, absent), 
proportion of total FA/HA that flocculates (variance with 
concentration, pH, organic:metal ratio).
A few details concerning the resin need to be 
studied in greater detail: a better understanding of the 
adsorption of the different organic fractions onto the resin 
system, a mathematical derivation of the Conditional 
Stability Constant that incorporates the mixed bed resin
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system (cation + anion + chelate), use of mixed bed resin 
system with other metal ions to determine relative stabil­
ities of metal-organic complexes.
Both the fission-track and automatic image analyzer 
techniques have been developed into workable techniques. 
Besides determining uranium concentration, the fission-track 
detectors also give information as to mode and location 
of uranium occurrence. Use of the automatic image analyzer 
greatly facilitates track counting and preliminary 
calculations.
The results of this research have advanced the develop­
ment of a technique to determine CSC for uranium. The 
Conditional Stability Constant is not the goal of future 
research. The CSC could be a useful tool in measuring 
the stability of various uranium-organic complexes. This 
knowledge could be of use in developing a model of the 




Experimental Scheme - Method I
1. 0,25 ml (*K)00 ppm U) as uranyl carbonate^) combine in
1.15 ml (2N KC1) ( volumetric
distilled HgO until volume = 23 ml J flask
2. pH adjusted with HC1 or KOH while slowly stirring
3. bring total volume to 25 ml with distilled water
k. equilibrate for 2k hours
5. add solution to 1.0 g mixed bed resin
6. equilibrate for 2k hours
7. decant solution from resin
8. transfer 2 ml solution to polyvial
9. add fission track detectors to polyvial
10. seal polyvial
11. irradiate




Experimental Scheme - Method II
1. 0.25 ml (*K)00 ppm U) as uranyl carbonate"^
1.15 ml (2 N KC1) / combine in
1.0 g mixed bed resin f graduated
distilled HgO until volume = 23 ml j Erlenmeyer
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Experimental Scheme - Method II (continued)
2, pH adjusted with HC1 or KOH while slowly stirring
3. bring total volume to 25 ml with distilled water
k. equilibrate for 2k hours
























50 ppm U 2.9 3.1 3130 19 221,823
3 A n ^.7 4.8 2233 16 520,116
4 A it 7.2 7.2 2978 16 250,623
5 A n 9.2 7.7 3007 17 238,117
6 B U+resin (UR) 2.9 2.3 1287 23 75,3^7
7 - B n 5.2 2.3 1278 21 81,946
8 B n 7.1 2.6 1160 27 57,851
9 B i» 9.2 3.1 607 28 29,191
10 C lost 3.0 2,3 — — —
11 C UR+.OO^g FA 5.1 2.4 1005 20 67,663
12 C M 7.2 2.7 1051 29 48,800
13 C If 9.2 2.9 109^ 31 ^7,519
14 D UR+.007g FA 3.0 2.3 1369 22 33,791
15 D it 4.8 2.4 1121 18 83,859
16 D tt 7.2 2.9 1087 21 69,699
17 D i 9.3 2.9 1095 20 73,723
18 E UR+.OlOg FA 3.1 2.3 1488 23 87,115
19 E it 4.9 2.5 1508 22 92,299
20 E it 7.2 3.0 IO60 20 71,366




Sample Graph Description Initial Final Total Total Tracks
No. No. pH
22 F UR 3.0
23 F n 5.0
2k F n 6.9
25 F »t 9.0
26 G UR+.OO^g FA 2.7
27 G ft 5.6
28 G It 6.9
29 G tt 9.1
30 H UR+.070g HA 6.9




3.5 67 71 1.271
k,k 60 69 1,171
7.3 210 70 4,040
7.6 kk7 60 10,032
2 < 42 6 33 17,382
4.7 298 32 12,540
7.0 1015 52 26,283
7.3 469 27 23,390
7.4 8 75 35 33.663
7.8 743 57 17.552
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APPENDIX III
Statistical Analysis of Experimental Data
The following table gives values of the statistics 
x, s2, s, s-, and x/fn for each sample as defined on p. 30.
A
The values s— measure the accuracy of x as an estimate 
of the expected number of tracks per field jx for each sample. 
Semi-quantitively, one can say that the probability that jul 
lies within the interval (x-s— , x+s— ) is about 60-70$,
A A
and the probability that jjl lies within the interval 
(x-2s-, x+2s-) is about 90-95#.
A X
Comparison of s- with x/fn shows that s— is approxi-
A A
mately equal to x/iTn for most samples having x > 35 
and that s~ is about 2 or more times as great as x/nTn 
for most samples having x < 35, Statistically, this means 
that the Poisson model is probably not as accurate a' 











82.50 9.08 2,08 2.94
3 16 139.56 97.80 9.89 2.47 2.95
k 16 136.13 460.80 21.47 5.37 3.41
5 17 176.88 187.75 13.70 3.32 3.23
6 23 55.96 51.32 7.16 1.49 1.56
7 21 60.86 51.85 7.20 1.57 1.70
8 27 42.96 103.65 10.18 1.96 1.26




20 50.25 98.30 9.91 2.22 1.59
12 29 36.24 26.69 5.17 0.96 1.12
13 31 '35.29 33.21 5.76 1.04 1.07
1** 22 62.23 71.99 8.48 1.81 1.68
15 18 62.28 60.68 7.79 1.84 1.86
16 21 ' 51.76 80.49 8.97 1.96 1.57
17 20 52.14 97.78 9.89 2.21 1.61
18 23 64.70 48.68 6.93 1.45 1.68
19 22 68.55 85.40 9.24 1.97 1.77
20 20 53.00 225.16 15.01 3.36 1.63
21 41 25.20 31.91 5.65 0.88 0.78
22 71 0.94 2.48 1.58 0.19 0.12
23 69 0.87 2.85 1.69 0.20 0.11
2k 70 3.00 33.54 5.79 0.69 0.21
25 46 9.07 55.13 7.42 1.09 0.44
26 33 12.91 32.18 5.67 0.99 0.63
27 32 9.31 20.22 4.50 0.79 0.5^
28 52 19.52 86.69 9.31 1.29 0.61
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Table 5 (Continued)
Sample No. _EL- X s2 s _? x__ x/ n
29 27 17.37 57.09 7.56 1.45 0.80
30 35 -25.00 79.14 8.90 1.50 0.85
31 37 13.04 34. 43 5.87 0.96 0.48
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